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Abstract 


The  calculation  of  the  potential  and  charge  distribution  near  the  tip 
of  a  flat  angular  sector  is  reduced  to  the  solution  of  a  mixed  boundary 
value  problem  on  the  surface  of  a  sphere.  A  method  is  developed  for  finding 
the  lowest  eigenvalue  and  eigenfunction  for  this  mixed  problem.  If  r  is  the 
distance  from  the  tip  of  the  sector  and  the  potential  varies  as  r^  when  r 
tends  to  zero,  numerical  results  are  given  for  [x  as  a  function  of  the  angle 
of  the  sector. 
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I.  Introduction 

We  consider  solutions  of  the  reduced  scalar  wave  equation  which  vanish 
or  have  vanishing  normal  derivatives  on  a  plane  angular  sector.  The 
potential  ¥  satisfies 

where  (r,  Q,  0)  are  soherical  polar  coordinates.  The  sector  will  be  assumed 
to  lie  in  0  <  r  <  00,  6  =  n/2,  -  a  <  ^  <  a.  This  orientation  has  been 
chosen  for  the  convenience  of  the  analysis  given  later. 

The  importance  of  this  problem  in  electrostatics  and  diffraction  theory 
is  that  such  a  sector  is  the  simplest  flat  strip  with  a  sharp  corner. 

In  [$]  it  is  reported  via  an  oral  comraunication  that  H.  Levy  has  established 
the  following  result.  If  the  potential  near  the  tip  of  a  flat  sector  of 
angle  2a  on  which  ¥  =  0  varies  as  r^  for  r  ->  0  with  fixed  i^,  ©,  then 
d|j./3a  «  l/n  for  a  »  n/2.  (a  =  n/2  corresponds  to  the  case  of  a  half-plane 
for  which  [x  =  1/2  exactly).  It  is  also  known  that  p,  =  0  for  a  «  0  and 
M-  =  1  for  a  »  n.  Prof,  Lewy  has  conjectured  that  the  relation  ^   »  a/n 
holds  for  0  <  a  <  n«  Our  numerical  results  are  consistent  with  the  linear 
variation  for  a  near  n/2  but  disprove  the  conjecture  that  n  varies 
linearly  \<rith  a   over  the  whole  range  0  <  a  <  n. 

A  crude  method  for  solution  of  the  problem  is  discussed  in  [l J .  Two 
expressions  are  suggested  for  the  variation  of  p,  with  a  which  give 
atJ./da  -  0,2$  and  0,50  at  a  =  7i/2  compared  with  the  exact  result  of  l/n  »  0,32, 
It  is  clear  by  comparison  with  our  results  in  Section  5  below  that  the  ex- 
pressions obtained  in [l] have  approximate  validity  only  for  a  near  n/2. 
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A  solution  by  separation-of- variables  in  a  sphero-conal  coordinate 
system  has  been  obtained  by  Krans    [$],     This  requires  a  rather  involved 
theoretical  analysis  using  Lame'  functions  followed  by  a  determination  of 
simultaneous  eigenvalues  if  nianerical  results  are  required.  Although  the 
method  used  by  Kraus  is  undoubtedly  correct,  there  would  seem  to  be  errors 
in  his  numerical  results.  (See  Section  5  and  Table  II  below.) 

The  present  analysis  is  essentially  elementary. 

II.  Formulation 

We  use  separation-of- variables  in  (l)  by  assuming 
I  -  R(r)  l(9j)    . 
Then  R(r)  satisfies 

^  r^  «  .  [ic^r^  -  .(.n)]R  .  0  . 

where  the  separation  parameter  has  been  written  as  |j,(|j.+1)  for  convenience. 

The  solution  of  this  equation  is 

r  ^ 

,-1/2 


(2)  R(r)  «  r 


^Vl/2^'°'^  '  ^\*lM'^^ 


where  a  solution  finite  at  the  origin  is  given  by  B  =  0,  and  a  solution 
satisfying  the  radiation  condition  is  given  by  B  =  iA.  The  function  J 
then  satisfies 

We  consider  only  eigenf unctions  which  are  symmetrical  about  0  »  0, n,  so  that 


(U)  6|/30  »  0  on  0  -  0,n,       (0  <  ©  <  l/2  n)  . 

If  ¥  =  0  on  the  sector  we  consider  only  eigenfunctions  which  are  symmetrical 
about  9  =  n/2     and  then  the  following  mixed  boundary  conditions  hold  on 
9  -  "/2  : 
(5a)  t'^>  (0  ^  0  <  a). 


(5b)        6|/39  =  0  ,       (a  <  0  <  n)  . 

If  dl/dQ   =  0  on  the  sector  we  consider  only  eigenfunctions  which  are  odd 

about  ©  =  n/2,  and  then  the  following  mixed  boundary  conditions  hold  on 

9   =»  1/2  n: 

(6a)      a|/3e  =0,         (0  <  0  <  a)  , 

(6b)         Y  =  0,         (a  <  0  <  n)  . 

Clearly  the  problems  represented  by  (5)  and  (6)  are  completely  equivalent. 

In  particular  the  eigenvalues  for  a  sector  of  half -angle  a  on  which  ¥  -  0 

are  the  same  as  those  for  a  sector  of  half -angle  (n  -  a)  on  which  dl/dO  *  0, 

By  separation-of-variables  the  solution  of  (3)  which  satisfies  (U)  can 
be  written 

00 

(7)      |(©>0)  °  H  a  p'"(cos  9)cos  m0  . 

We  shall  now  consider  the  extreme  cases  a  =  n  and  a  ■  0,  When  a  =  n  we 
have  T  »  0  in  the  >hole  plane  ©  «  1/2  n,  0  <  0  <  n.  The  lowest  eigenf unction 
will  be  independent  of  0  so  that  m  ■  0  and  we  wish  to  find  ^  so  that  P  (O)  -  Oe 
By  sjrrametry  a  solution  is  required  which  is  odd  about  8  =  n/2  and  finite 
at  ©  »  0,11,  Hence  p.  =  1  for  a  =  n.  When  a  »  0  the  symmetry  of  ($)   and  (6) 
shows  that  this  is  equivalent  to  requiring  a  solution  such  that  dY/d©  »  0 
on  the  whole  plane  ©  =  n/2,  0  <  0  <  n.  Again  we  must  have  independence 
of  0  so  that  ra  ■  0,  but  this  time  the  eigenfunction  must  be  even  about 
Q   =  n/2,  so  that  M-  =  0  for  a  =  0. 

Application  of  the  boundary  condition  (5)  to  the  solution  (7)  gives  the 
following  equations: 

00 

(8a)     Yl  ^     ^^°)  cos  m0  -  0  ,       (0  <  0  <  a)  , 
^  m  n  - 


-  u  - 


(8b)  f  \  \h  ^<'' 


COS  m0  *  0, 


(a  <  0  <  n) 


.0 


where   ([3],   p.lU5) 

(9a)  1^(0)  -  2%"^/2cosri  n(n+in)l    Pi^  *  ^  *  |m)/r(l  +  in  -  |ra)  , 


(9b)      ^dPj;(z)/dz 


-  2™*\-l/2gin|  n(n4tn)]  Td*  |^^  *  I^/HI  *  ^  '  '^ 


)   . 


Equations  (8)  are  dual  equations  possessing  solutions  only  for  special  values 
of  jj.,  which  are  the  eigenvalues  we  wish  to  find. 

Without  loss  of  generality  we  can  take  M-  >  "  1/2,  since  P"(z)  "  -p.-l^^^* 

On  writing 

(10)     a  JdP"(z)/dz 


the  equations   (8)  become 


m 


00 


(11a)  y"  R  (^i)b^  cos  m0  -  0,  (0  <  0  <  a)     , 


00 


(lib)  y^  b     cos  m0    -  0 

rr~    m 


(o  <  0  <  n). 


where,  from   (9),   after  some  reduction, 

'  pa*  !„  +  |j,)  p(i  +  !„, .  I^i) 


(12) 


R  (tx) 
m 


If     [i  '  0  ,  R^M  -  2/m  ,  m  -  1,2,3,... 


(13a) 

(13b)  If  0  <  ^l  <;  1,       R(ti)^2/m,  m-2,3,... 

—  o 

The  validity  of  this  approximation  is  discussed  in  Section  5  below.  We  write 
(11)  in  the  form 
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00  T  00 


T  1  1  1 

(ma)    I  R^(^)b^  -  |:  -  b^cos  m0  -  ^  2  \^^^   "  ^ 


.  cos  m0"O,   (O<0<a), 


00 


(lUb )    b  +  7~  b  cos  m0-O,     (a<0<n)  . 
0   ^  m  — 

An  approximate  solution  of  this  system  is  obtained  in  Section  3  by  ignoring 
the  second  infinite  series  on  the  left  of  (lUa).  In  Section  h   second  and 
third  order  approximations  are  obtained  by  taking  into  account  one  and  two 
terms  of  this  infinite  series. 

III.  A  first  approximation 

As  indicated  at  the  end  of  Section  2  we  solve  the  following  dual  equations 
exactly: 
(15a)   i  n^i^)b^   *  E  ^  V°^  m0  -  0,  (0  <  0  <  a)  , 


(I5b)  b     +  J"  b  cos  m0       =  0  ,    (a  <  0  <  n) 

0      ^—    n  ^  ^ 


00 

I 

o 

00 

I 

o 

The  values  of  \i  for  which  solutions  of  these  equations  exist  can  be  found  by 

a  method  developed  in   [?] .     Suppose  that    (l5b)  equals  an  (unknown)  function 

f  (?^)  for  0  <  a  <  0.     Then 

.a  a 

(16)       b     •=  -r        f  (u)du     :         b     -  -  I     f  (u)co3  mudu  . 
o       n     I  m       Ji   I 


Substitute  in   (I5a).     Then 

1  f  °°    1     f 

(17)  J-  R   (ti)         f  (u)du  +  ri  -         f  (u)cos  mudu  cos  mjZf  »  0,      (0  <  0  <  a)   . 

Jo  /  o 

A  transformation  due  to  Schwinger   (see    [6] ,   p.U8 )  is 
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00   ^ 

(l8a)  y  —  cos  mvi  cos  m0 


-  2    ^"' 


2 [cos  u  -  cos  0! 

,  00    - 


cos  m£,  cos  mx  , 


(18b; 

cos 

u  = 

t  +  S  COS 

C 

> 

and  t,s 

are 

chosen 

so 

that 

u  = 

0,  a 

corr* 

5SF 

)0 

This  gives 

(iBc) 

2 
t  =  cos 

h 

• 
• 

s  = 

sin 

1 

a 

A  similar  relation  is  assumed  between  0  and  x.  Equation  (l?)  becomes 


(19)    I  I  R_^(,)  -  ( 


ns 


'^«')|<^*fl/"^("'| 


cos  m^d^  cos  mx  =  0  , 


(0  <  X  <  n)  . 
This  integral  equation  can  be  solved  exactly.  Choose 

(20)     f(u)du/d5  ■  constant  *  C,  say, 


I.e. 


(21)     f  (0)  =  C  sin  0  ^s"^-  (t  -  cos  0)' 


-1/2 


,   (0  <  0<  a)  , 


Then  (19)  is  satisfied  provided  that 

(22)   R  (ti)  «  2  in  s  -  U  l.n(sin  ^  a)  , 

This  is  a  transcendental  equation  for  the  determination  of  [i.     The  solutions 

of  this  equation  such  that  0  <  p.  <  1,  for  various  a,  are  given  in  Table  II 

(see  Section  5  below). 

By  definition  f  (0)  =  -  |3?/B©|  at  9  =  ^  tt.  The  charge  distribution 
on  the  face  of  the  sector,  for  Y  =  0  on  the  sector,  is  proportional  to 
r~'^dY/d9   =  r"''"R(r)  3f/3e,  on  9  =  ^  n  i.e.  near  the  tip,  from  (2),  (21),  to 
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[Ar^^--  ^  Br-^^-2]  -.r-^i^J =_^  ,   (O  <  0  <  a)  . 

I-         J  [s"-  (t-cos  ;2f)]^'^ 

If  r  is  fixed,  0  ->  a-0,  and  R  is  the  distance  from  (r,{20  to  (r,^  ^^ }   ^  <  °-f 

-1/2 
then  the  charge  distribution  behaves  as  R  '  as  R  ->  0,  as  it  should  do. 

/  u— 1    — u— 2\ 
If  ^  is  fixed  and  r  ->  0  then  the  charge  distribution  behaves  as  CAr   +  Br    ;. 

This  tells  us  incidentally  that  if  a  =  ^  n,  then  we  should  obtain  ^i   =  l/2, 

since  in  this  case  the  sector  reduces  to  a  half -plane  (of.  Table  II  and 

Section  5) • 

Another  quantity  of  physical  interest  is  the  val\:e  of  T  on  ©  =  j  n  for 

a  <  0  <  n.      On  retracing  our  steps  we  find  that  to  the  order  of  approximation 

used  in  this  section 

/a  a 

f  (u)du  -  U  7^  -  I  f  (u)  cos  mudu  cos  m0 
o  -^  0 

/-=  /^ 

=  -  R^(^i)  I  f(u)du  +  2  f  f(u)&(2(cos  u  -  cos  0|  )du  , 

•/ o  ''  o 

where  we  have  used  (18a).  Introduce  the  change  of  variable  (18b)  for  u. 
We  are  now  interested  in  c  <  0  <  n  so  that  it  is  not  possible  to  introduce 
the  corresponding  change  of  variable  for  0.  This  gives 

nf(i  nj)   =  C  j  in(2|cos  4  +  A|)d$  , 

•^  o 

where  we  have  used  the  solution  (20)  and  the  result  (22).  Also 

—1  1   — ? 

A  =  s  (t  -  cos  0)  ■  1  +  (cos  a  -  cos  0)(sin  ^  a)  . 

Since  0  >  a  we  have  A  >  1.   If  we  introduce  a  defined  by 

(23)         (1  +  a^)/(2a)  =  A,     a  <  1, 

we  have    ([2], formula  )il8) 

in  2(A+cos  C)  «  -in  a  +  2(a  cos  4  -  i  a^cos  2?  +  t-  a^cos  3^^-...) 

Hence 

n  |(i  n,    0)  =  -  in  a. 
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By  solving  the  quadratic  equation  (23)  and  choosing  the  root  which  is  less  than 
unity  we  find 

f  \n 

Sin  i  0  -    [sin  |(0  +  a)sin  i(0  -  a  Sf^'^ 


a  « 


~,     1 
sin  -r  a 


The  value  of  Y  on  6  =  *•  it,  a  <  0  <  n  is  therefore  proportional  to 
-   (Ar^  +  Br"^"^);^n  a,  (^oi*  small  r). 

If  r  is  fixed,   0  ->  a  +  0,   and  R  is  the  distance  fron   (r,5^)  to   (r,a),   0  >  a, 

1/2 
then  T  behaves  as  R  '      as  R  ->  0,   as  it  should  do.      If  0  is  fixed  and  r  ->  0 

then  Y  behaves  like    (Ar     +  Br     ~   ),     As  before  we  can  deduce  that  if  9  •=  ^  n 

then  M-  *  ^. 

An  approximation  to  the  eigenfunction  corresponding  to  the  lowest 

eigenvalue  can  be  found  in  the  following  way.  On  using  the  value  of  f (0) 

from  (21)  in  (l6)  we  can  determine  the  constants  b  and  hence  the  a  from  (10). 

m  m 

The  eigenfunction  is  then  given  by  (7)  using  the  \^  determined  from  (22). 

IV,   Second  and  third  approximations 

Instead  of  using  (l^a)  as  an  approximation  for  (11a)  we  can  include  the 
effect  of  R-  (^i)  by  solving 

i  RQ(ti)b^  +  J|  R^(^l)  -  ll  b^cos  1>  *  Y_\  b^^cos  m0  -  0  ,   (0  <  0  <  a) 

^  00 

b  +  S~  b  cos  m0  =  O«   (a<0<n). 
o   4-  m      ^  ■  '^  _  ' 

The  analysis  proceeds  as  before.  Instead  of  (19)  we  have 


I  11  ^o^*^^  "  '^°^  ^ 


f(tx)  ^d4  * 


I  \{\y)'-y 


vdu 


,  f  f(u)g|-  (t+s  cos  ?)d4(t+s  cos  x) 


'  0 


cos  rax  »  0,   (O  <  X  <  n) 
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Instead  of  (20)  we  have  to  assume 

f  (u)di3/d^  -  C(l  +  d  cos  £  )  , 
where  d  is  a  constant  to  be  determined  later.  Then 


1  I  R^(^L)  -  ^n  s 


I  R^Cti)  -  1 


.  (t  +  ^  sd)(t  +  s  cos  x)  +  ^  d  cos  x 


The  term  independent  of  x  and  the  coefficient  of  cos  x  must  both  be  zero.  On 
eliminating  d  between  the  resulting  equations  we  find  the  following  equation 
for  |i,  which  is  a  generalization  of  (22): 

(210     R^(ti)  +  !il^_  -  2  -fn  s,    K'l   R^(^l)  -  1  . 


In  a  similar  way  a  third  approximation  can  be  obtained  by  including 
the  first  two  terms  of  the  second  infinite  series  in  (11a ),     We  quote  the 
equation  for  \i  in  the  form 

(2?a) 


2 
R   (n)  +  hL^  (i+e)  -  2  in  s, 
°  l*s^K 


where 
(25b) 


2K  {(1+s^K)(1+s^L)+8sVl) 


L  »  R2(r)  -  1  . 


Obviously  we  can  generalize  to  any  order  of  approximation  but  the 
algebra  rapidly  becomes  more  complicated  for  higher  orxiers,  if  explicit 
equations  like  (2li),  (25)  are  required. 

V.   Results 

We  first  of  all  examine  the  accuracy  of  the  approximation  (13b).     Table  I 

gives  numerical  values  for  l/2  m  R   (r)  for  |i  =  0(0,2)1.     This  verifies  that 

m 

(13b)   is  approximately  true.     The   accuracy  is  better  for  m-  near  zero,   as   we 
should  expect  from   (l3a). 
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Table  I 


lA 

0.00 

0,^6 

O.I4O 

0,60 

0,80 

1.00 

R,(U) 

-00 

-  7.5U2 

-  2.751 

-  1.223 

-  o.a7i 

0.000 

K(.) 

loOOO 

1.105 

1.298 

1.70U 

2.9U7 

00 

R2(n) 

1.000 

1.029 

1.070 

1.129 

1.212 

1.333 

|b3(.) 

1.000 

1.013 

1.031 

1.055 

1.086 

1.125 

Numerical  results  for  the  exponent  (jl  as  a  function  of  the  sector  semi- 
angle  a  are  given  in  Table  II.  From  Table  I  it  is  clear  that  R,  (m-)  is  large 
when  li  is  near  unity.   It  might  therefore  seem  that  the  first  approximation 
obtained  in  Section  3  by  neglecting  TL  (|a.)  would  not  be  satisfactory  for  n 
near  unity.  But  (2U)  shows  that  R,(n)  appears  in  both  top  and  bottom  of  the 
correction  term.  When  \i   is  near  unity  the  correction  term  is  approximately 
Ut  =  h   cos  i  a  which  is  very  small  when  a  is  near  n.  Hence  (22)  is  a  good 
approximation  for  \i  near  both  zero  and  unity.  The  first  and  second 
approximations  are  plotted  in  Fig.  1. 

A  third  correction  could  be  obtained  from  (25) •  The  size  of  5  compared 
with  unity  indicates  the  magnitude  of  the  correction  term.  For  o  ■  ^  1 
the  first  approximation  gives  0.56q,  the  second  0.50^,  and  5j5j0.06.  Hence  the 
third  approximation  would  be  0.50. ,  compared  with  the  exact  O.500.  The 
quantity  6  is  small  for  a  between  0,2n  and  O.bn.  It  tends  to  roughly  0,2  as 
a  tends  to  zero  and  to  0.5  as  a  tends  to  n,  but  in  both  these  regions  the 
difference  between  first  and  second  approximations  is  small.  Approximately 
6  =  0.18,  0.35  for  a  =>  0,6n,  0.7n  respectively. 

The  results  for  quarter-planes  are  as  follows.  For  T  -  0  on  a 
quarter-plane  [j.  5:::;  0.30.  For  dl/dn   ■  0  on  a  quarter-plane  (T  =  0  on  a  plane 
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with  a  •  3 A  n)  we  find  ti;5;0.82. 

Numerical  results  are  given  in  [5]  but  there  seems  to  be  some  confusion 
of  notation.  In  Table  II  we  quote  sone  results  from  [5]  on  the  assumption  that 
the  conditions  ?  =  0  and  dl/dn   =  0  have  become  interchanged  in  the  numerical 
working,  although  this  seems  unlikely  from  an  examination  of  the  analysis.  In 
any  case  Kraus'  results  seem  to  indicate  a  discontinuity  in  [i  at  a  =  n/2 
which  is  very  unlikely. 


Table   1 

:i 

a/n 

0.00 

0.10 

0.20 

0.30 

o.ho 

0.50 

0.60 

0.70 

0.80 

0.90 

1.00 

First      ,      . 
Approx   ^'^'^^ 

0,00 

0.20 

0.282 

0.36^ 

0,U62 

0.56^ 

0.685 

0.80^ 

0.90^ 

0.97^ 

1.00 

Second    /^i  \ 
Approx   ^ 

0.00 

0.19^ 

0.26^ 

0.332 

0.;al^ 

0.50^ 

0.62q 

0.753 

0.892 

0.97^ 

1.00 

\iZ:0       (26) 

0.00 

0.19^ 

0.27o 

0.3U6 

0.U32 

0.535 

0.66^ 

kial       (27) 

O.6O5 

0.77^ 

0.90^ 

0.97^ 

1.00 

K     (?) 

0.00 

0.22 

0.33 

0.1^2 

OJ18 

0.50 

0.65 

0.80 

0.90 

0.95 

1.00 

Equation  (22)  can  be  solved  approximately  for  p.  near  zero  in  the 
following  way.  From  (12),  for  small  \.l, 

R^(li)«  -  (2/11)  Jl  -  M  2.?n  2I  , 
E  (la.)  is  large  for  small  |j.,  a  is  small,  and  (22 )  gives 


(26) 


H  --(2jen  ^a)"^  . 


As  previously  noted,  for  |x  nearly  equal  to  unity  it  might  seem  that  the 
first  approximation  in  Section  3  which  ignores  R,  (|i)  would  not  be  satisfactory 
and  that  (2U)  should  be  used  instead.  If  we  set  n«l-7j,a  =  nd-e)  then 
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cos  fr  a  Cii  TT  nt     ,  ti^lris* 


Equation   (2)i)  gives 


-2Yi  +  j-ner  =  -'^nt 


For  small  j^  the  second  term  is  of  lower  order  than  the  others  and  we  find 
(27-'       V-vl-^i^-af 

This  formula  would  have  been  obtained  directly  from  (22)  and  this  confirms  that 
(22)  is  a  good  approximation  for  \i   nearly  equal  to  unity  as  well  as  for  |j,  near 
zero. 

Dr.  L.B,  Felsen  suggested  to  me  that  it  would  be  of  interest  to  compare 
the  results  for  a  near  0  and  n   with  the  corresponding  results  for  small-angle 
cones.  The  following  approximatiorB  can  be  derived  from  the  expression  for 
P  (cos  9)  in  [U]  p. 225  (53):  If  |a  and  9  are  small, 
(28a)       P  (-cos  8)  «:  2ii  ln(sin  |  ©)+l  , 

If  M-  »  1  -  6  and  5,  9  are  small, 

(28b)     ?■'"(-  cos  9)  ■=  -  dP  (-  cos  9)/d©  a  -  J259"-^+  © 
^  ^  ^ 

Consider  a  cone  with  axis  lying  along  9  »  n  in  a  spherical  polar 
coordinate  system  (r,  9,  0).  The  cone  is  oriented  in  a  different  way  from  the 
sector  considered  earlier.  If  the  cone  lies  in  9  =  n  -  p  when  p  is  small,  and 
1   is  axially  symmetric,  the  eigenvalues  for  the  region  0  <  ©  <  n  -  j3  are  given  by 
the  values  of  |i  for  which 

P  (-  cos  p)  =  0  , 

i.e.  from  (28a)  ,         ti;5:  -(2  In  i  p)""'-. 
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On  comparing  with  (26)  we  see  that  the  sector  and  the  cone  have  the  same 
eigenvalues  if  P  «  ^  a.   [For  the  same  length  of  circumference  for  a  given  r 
we  should  have  2iip  ■  Ua  i.e.  p  »  {2/n)a], 

Consider  next  the  case  ol/dn  =  0  on  the  cone.  From  the  nature  of  the 
mixed  boundary  conditions  in  (5)  we  require,  in  terms  of  the  coordinates  used 
for  the  cone,  a  solution  such  that  Y  =  0  on  (say)  0=0.  Hence  we  are  looking 
for  an  eigenfunction  of  the  form 

P^(cos  e)sin  0  . 


The  eigenvalue  is  given  by 

[dP^(cos  Q)/de]9.,.p  «  0 

From  (28b) 


e-iB^  i 


.e.    iJ.  «  1  -  rf{n-Y)   , 


g-  p     i.s.     M-  -  i  -  ^v 

where  y  "  't-0«  On  comparing  this  result  with  (2?)  it  is  seen  that  the  sector 
and  the  cone  are  equivalent  if 

n  -  Y  -  2"^/^(n  -  a)  . 
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Owego,  New  York 

Attn:  Mr.  D.  I.  Marr,  Librarian 
Department  li59 

International  Resistance  Company 
bOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N.  W. 
Washington  7,  D.  C. 
Attn:  Mr.  Delmer  C.  Ports 

Dr.  Henry  Jasik,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  IiKiustrlal  Park 
Westbury,  New  York 

Electromagnetic  Research  Corporation 
711  Idth  Street,  N,  W. 
Washington  5,  D.  C, 
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Lockheed  Aircraft  Corporation 

2555  M.  Hollywood  Way 

California  Division  Engineering  Library 

Department  72-75,  Plant  A-1,  Bldg.  63-1 

Bnrbank,  California 

Attn:  N.  C.  Harnois 

The  Martin  Company 

P.  0.  Bojt  179 

DenTBr  1,  Colorado 

Attn:  Mr.  Jack  McCormick 

The  Glenn  L.  Martin  Company 
Baltimore  3,  Maryland 
Attn:  Engineering  Library 
Antenna  Deaign  Group 

Marvland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Park,  Maryland 
Attn:  Mr.  H,  Warren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W,  L.  Maxscn  Corporation 

U60  West  Jlith  Street 

New  York,  N.  T. 

Attn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Saint-Louis  Municipal  Airport 

Box  516,   St.  Louis  3,   Missouri 

Attn:     R.  D.  D*trich,   Engineering  Library 

McMillan  Laboratory,    Inc. 

Erownville  Avenue 

Ipswich,  Massachusetts 

Attn:     Security  Officer,    Document  Room 

Melpar,    Inc.  (2) 

30OO  Arlington  Boulevard 

Falls  Church,   Virginia 

Attn:     Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,   Massachusetts 
Attn:     N.  Tucker,   General  Manager 


Pickard  and  Bums,    Inc. 

2liO  Highland  Avenue 

Needhan  9U,  Mass. 

Attn:     Dr.   J.  T.  DeBettencoart 

Polytechnic  Research  and  Development 

Company,    Inc. 

202  Tillary  Street 

Brooklyn  1,  New  York 

Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Mass. 
Attn:  Dr.  John  Ruze 

Radiation,  Inc. 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn:  Technical  Library,  Mr.  H.L.  Cojc 

Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:  P.  S.  Carter,  Lab.  Library 

RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attn:  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Products 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attn:  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organization 

of  Chief  Technical 

Administrator 

The  Ramo-Wooldridge  Corporation 
P.O.  Box  h5li53  Airport  Station 
Los  Angeles  b5,  California 
Attn:  Margaret  C.  Whitnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,  Hervland 


Ryan  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,  California 
Attn:  Library  -  unclassified 

Sage  Laboratories 
159  Linden  Street 
Wellesley  81,  Mass. 

Sanders  Associates 
95  Canal  Street 
Nashua,  New  Hampshire 
Attn:  N.  R.  Wild,  Library 

Sandia  Corporation,  Sandia  Base 

P.O.  Box  5900,  Albuquerque,  New  Mexico 

Attn:  Classified  Document  Division 

Sperry  Gyroscope  Company 

Great  Neck,  Long  Island,  New  York 

Attn:  Florence  W,  Tumbull,  Engr.  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attn:  Library,  Engineering  Division 

Sylvania  Electric  Products,  Inc. 
100  First  Avenue 
Waltham  5ti,  Mass. 

Attn:  Charles  A.  Thornhill,  Report  Librarian 
Walthan  Laboratories  Library 

Systems  Laboratories  Corporation 
lL''52  Ventura  Boulevard 
Sherman  Oaks,  California 
Attn:  Donald  L.  Margenim 

TRG,  Inc. 

17  Union  Square  West 

New  York  3,  H.  Y. 

Attn:  M,  L.  Henderson,  Librarian 

A,  S.  Thomas,  Inc. 

I6l  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jersey 


Microwave  Radiation  Company  Inc. 

19223  South  Hamilton  Street 

Gardena,  California 

Attn:  Mr.  Morris  J.  Ehrlich,  President 

Chance  Vought  Aircraft,  Inc. 
931h  West  Jefferson  Street 
Dallas,  Texas 
Attn:  Mr.  H.  S.  White,  Librarian 


Northrop  Aircraft,  Inc. 
Hawthorne,  California 
Attn;  Mr.  E.  A.  Freitas, 
1001  E.  Broadway 


Library  Dept31ij5 


Remington  Rand  Univ.  -  Division  of  Sperrv 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,  Pennsylvania 
Attn;  Mr.  John  F.  McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,  Inc. 
122U:  Lakewood  Boulevard 
Downey,  California 
Attn:  Engineering  Library  U95-115 

North  American  Aviation,  Inc. 
Los  Angeles  International  Airport 
Los  Angeles  Ij5,  California 
Attn:  Engineering  Technical  File 

Page  Communications  Engineers,  Inc. 
710  Fourteenth  Street,  Northwest 
Washington  5,  D.  C. 
Attn:  Librarian 

Phllco  Corporation  Research  Division 

Branch  Library 

U700  Wissachickon  Avenue 

Philadelphia  Wi,   Pa. 

Attn:  Mrs.  Dorothy  S.  Collins 


Director,  CSAF  Project  RAND 

Via:  Air  Force  Liaison  Office 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,  California 

Rantec  Corporation 

Calabasas,  California 

Attn:  Grace  Keener,  Office  Kanager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,  Mass. 
Attn:  Mr.  Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory,  State  Road 
Way land.  Mass . 
Attn:  Hr.  Robert  Borts 

Raytheon  Manufacturing  Comoany 
Wayland  Laboratory 
Wayland,  Mass. 

Attn:  Hiss  Alice  G.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farraingdale,  Long  Island,  N.  Y. 
Attn;  Engineering  Library 

Thru:  Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farmingdale,  Long  Island,  N.Y. 

Rheem  Manufacturing  Conpany 
9236  East  Hall  Road 
Downey,  California 
Attn;  J.  C.  Joerger 

Trans-Tech,  Inc. 
P.  0.  Hox  31:6 
Frederick,  Maryland 


Chu  Associates 

P.  0.  Box  387 
Whitcomb  Avenue 
Littleton,  Mass. 

Microwave  Associates,  Inc. 
Burlington,  Mass. 

Raytheon  Manufacturing  Company 
MissilR  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  laboratory 
225  Crescent  Street 
Waltham,  Mass . 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50i:,   Sunnyvale,   California 
Attn;     Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:     Dr.  W.  C.   Hoffman 

Commanler 

AF  Office  of  Scientific  Research 

Air  Research  and  Development  Com^iand 

lUth  Street  and  Constitution  Avenue 

Washington,  D.  C. 

Attn:     Mr.  Otting,   SRY 

Westinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  7U6 
Baltimore  3,   Maryland 
Attn;     Engineering  Library 


DL 


Whesler  Laboratories,  Inc. 
122  Cutter  Hill  Road 
Oreat  Neck,  New  York 
Attn:  Mr.  Harold  A.  Vfheeler 

Zenith  Plastics  Co. 

Box  91 

Gardena,  California 

Attn:     Mr.  S.  S.  Oleesky 

Library  Geophysical  Institute 
of  the  University  of  Alaska 
College 
Alaska 

University  of  California 

Berkeley  li,   California 

Attni     Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec,  Eng.   Electronics 
Research  Lab. 

'Iniverslty  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  h,   Califomia 
Attn:     J.   R.  Whlnnery 

Califomia  Institute  of  Technology 
Jet  Propulsion  Laboratory 
IjROO  Oak  Grove  Drive 
Pasadena,   California 
Attn;     Mr.    I.  E.  Newlan 

California  Institute  of  Technology 
1201  E.   Calif  oml  a  Street 
Pasadena,   California 
Attn:     Dr.   C.    Papas 

Carnegie  Institute  of  Technology, 
Schenley  Park 

Pittsburgh  13,    Pennsylvania 
Attn:     Prof.  A.  E.  Heins 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,   New  York 

Attn:     Prof.  G.  C.  Daljnan 

VnlversltT  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,   Florida 

Attn:     Prof.   M.   H.   Latour,    Library 

Library 

Georgia  Institute  of  Technology 

Engineering  Experiment  Station 

Atlanta,   Georgia 

Attn:     Mrs.   J.H.  Crosland,    Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,   303A  Pierce  Hall 

Oxford  Street,   Cambridge  3^,   Mass. 

Attn:     Mrs.  E.L.  Hufschmidt,   Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,   Mass. 
Attn:     Dr.  Fred  L.  Whipple 

University  of  Illinois 
Documents  Division  Library 
Urbana,    Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,    Illinois 

Attn:     Dr.   P.  E,  Moyes,   Department  of 
Electrical  Engineering 

The  Johns  Hopkins  University 
Homewood  Campus 
Department  of  Physics 
Baltimore  18,  Maryland 
Attn:     Dr.  Donald  E.  Kerr 

Sandla  Corporation 
Attn:     Organization  lli23 
Sandla  Base 
Albuquerque,   New  Mexico 


Applied  Physics  Laboratory 
The  Johfls Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,   Maryland 
Attn;     Mr.   George  L.  Seielstad 

Massachusetts  Institute  of  Technology 

Research  Laboratoi*y  of  Electronics 

Room  20B-221 

Cambridge  39,  Massachusetts 

Attn:  John  H.  Hewitt 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Mass. 

Attn:  Document  Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.  A.  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:  Prof.  K.  M.  Siegel 
912  N.  Main  St., 
Ann  Arbor,  Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Tpsilanti,  Michigan 
Attn:  Librarian 

University  of  Minnesota 

Minneapolis  llj,  Minnesota 

Attn:  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:  R.  E.  Bean 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:  Dr.  T.E.  Tioe 

Dept.  of  Elec.  Engineering 

The  UnlTersity  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attn:  Prof.  C.  L.  Fsrrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  York 

Attn:  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
5?  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A,  E.  Laeninel 

Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec.  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr.  John  R.  Gerhardt 
Assistant  Director 

The  University  of  Texas 

Defense  Research  Laboratory 

Austin,  Texas 

Attn:  Claude  W.  Horton,  Physics  Library 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

Attn:  Prof.  0.  Sinclair 


Lowell  Technological  Institute 
Research  Foundation 
P.  0.  Box  709,  Lowell,  Mass. 
Attn:  Dr.  Charles  R.  Mlngins 

University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5,  Washington 

Attn:  G.  Held,  Associate  Professor 

Stanford  University 
Stanford,  California 
Attn:  Dr.  Chodorow 

Microwave  Laboratory 

Physical  Science  Laboratory 

New  Mexico  College  of  Agriculture 

and  Mechanic  Arts 

State  College,  New  Mexico 

Attn:  Mr.  H.  W.  Haas 

Brown  University 
Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr.  C.  M.  Angulo 

Case  Institute  of  Technology 

Cleveland,  Ohio 

Attn:  Prof.  S.  Seeley 

Columbia  University 

Department  of  Electrical  Engineering 

Momlngside  Heights 

New  York,  N.  Y. 

Attn:  Dr.  Schlesinger 

McCill  University 

Montreal,  Canada 

Attn:  Prof.  Q.  A.  Woonton 

Director,  The  Eaton  Electronics 

Research  Lab. 

Purdue  University 

Department  of  Electrical  Engineering 

Lafayette,  Indiana 

Attn:  Dr.  Schulta 

The  Pennsylvania  State  University 
Department  of  Electrical  Engineering 
University  Park,  Pennsylvania 

University  of  Pennsylvania 

Institute  of  Cooperative  Research 

3liOO  Walnut  Street 

Philadelphia,  Pennsylvania 

Attn:  Dept.  of  Electrical  Engineering 

University  of  Tennessee 
Ferris  Hall 

W.  Cumberland  Avenue 

KnoxvlllB  16,  Tennessee 

Universitv  of  Wisconsin 
Department  of  Electrical  Engineering 
Madison,  Wisconsin 
Attn:  Dr.  Schelbe 

University  of  Seattle 

Department  of  Electrical  Engineering 

Seattle,  Washington 

Attn:  Dr.  D.  K.  Reynolds 

Wayne  University 

Detroit,  Michigan 

Attn:  Prof.  A.  F.  Stevenson 

Electronics  Research  Laboratory 
Illinois  Institute  of  Technology 
3300  So.  Federal  Street 
Chicago  16,  Illinois 
Attn:  Dr.  Lester  C.  Peach 
Research  Engineer 

Advlsoi*y  Group  on  Electronic  Parts 

Room  103 

Moore  School  Building 

200  South  33rd  Street 

Philadelphia  h,    Pennsylvania 
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Ionosphere  Research  Laboratory 

Pennsylvania  State  College 

State  College,  Pennsylvania 

ATTNi  Professor  A.  H.  Waynlck,  Director 

Institute  of  Mathematical  Sciences 

25  Waverly  Place 

New  York  3,   New  Torlf 

ATTN.     Librarian  (3) 

Electronics  Division 
Rand  Corporation 
1700  Main  Street 
Santa  Monica,   California 
ATTN I     Dr.   Robert  Kalaba 

National  Bureau  of  Standards 

Washington,   D.  C. 

ATTNt     Dr.  W.   K.  Saunders 

Applied  Mathematics  and  Statistirs  Lab. 

Stanford  University 

Stanford,     ttlifomia 

ATTNt     Dr.  Albert  H.  Bowker 

Departraer.t  of  Physics  and  Astronomy 
Michigan  State  College 
East  Lansing,   Michigan 
ATTNi     Dr.   A.  Leitner 

Unlversitv  of  Tennessee 
Knoxvllle,  Tennessee 
ATTN:  Dr.  Fred  A.  Ficken 

Lebanon  Valley  College 
Annville,  Pennsylvania 
ATTN!  Professor  B.H.  Bissinger 

General  Atomic 

P.  0.  Box  608 

San  Diego  12     California 

^ttn;     Ur.  Eaward  Gerjuoy 

Department  of  Physics 
Amherst  College 
Amherst,   Mass. 
ATTN:     Dr.  Arnold  Arons 

California  Institute  of     Technology 
1201  E.  California  Street 
Pasadena,   California 
ATTN:     Dr.  A.  Erdelyl 

Mathematics  De[»rtment 

Stanford  University 
Stanford,  California 
.ATTN:     Dr.   Harold  Levine 

University  of  Minnesota 

Minneapolis  lb,   Minnesota 

ATTN:     Professor  Paul  C.   Rosenbloom 

Department  of  Mathematics 

Stanford  University 

Stanford,   California 

ATTN:     Professor  Bernard  Epstein 

Applied  Physics  Laboratory 
The  Johi* Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring.   Maryland 
ATTN:     Dr.  B.  S.   Gourary 

(2)Exchange  and  Gift  Division 
The  Library  of  Congress 
Washington  25,   D.  C, 

Electrical  Engineering  Department 
Massachusetts  Institute  of  Technology 
Cambridge  39,   Mass. 
ATTN:     Dr.  L.  J.  Chu 

Nuclear  Development  Associates,    Inc. 

5  New  Street 

White  Plains,  New  York 

ATTN:  Library 

California  Institute  of  Technology 
Electrical  Engineering 
Pasadena,  California 
ATTN:  Dr.  Zohrab  A.  Kaprlelian 


Dr.  Rodman  Doll 
311  W.  Cross  Street 
Tpsllanti,  Michigan 

California  Inst,  of  Technology 
Pasadena,  California 
ATTN:  Mr.  Calvin  Wilcox 

Mr.  Robert  Brockhurst 

Woods  Hole  Oceanographic  Institute 

Woods  Hole,  Mass. 

National  Bureau  of  Standards 
Boulder,  Colorado 
ATTN:  Dr.  R.  Gallet 

Dr.  Solomon  L.  Schwebal 

3689  Louis  Road 

Palo  Alto,     galifomia 

University  of  Minnesota 
The  University  of  Library 
Minneapolis  li,   Minnesota 
ATTN:     Exchange  Division 

Department  of  Mathematics 
University  of  California 
Berkeley,   California 
ATTN:     Professor  Bernard  Friedman 

Lincoln  Laboratory 

Massachusetts   Institute  of  Technology 

P.  0.  Box  73 

Lexington  73,   Massachusetts 

ATTN:     Dr.   Shou  Chin  Wang,    Room  C-351 

Melpar,  Inc., 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

ATTN:  Mr.  K.  S.  Kelleher,  Section  Head 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Mr.  Francis  J.  Zucker,  CRRD 

Hq.  Air  Force  Cambridge  Research  Center 

Laurence  G.  Hanscom  Field 

Bedford,  Mass. 

ATTN:  Dr.  Philip  Newman,  CRRK 

Mr.  N.  C.  Oerson 

Trapelo  Road 

South  Lincoln,   Mass. 

Dr.   Richard  B.  Barrar 
Systems  Development  Corp. 
2li00  Colorado  Avenue 
Santa  Monica,   California 

Columbia  University  Hudson  Laboratories 
P.O.  Box  239 

lbs  Palisade  Street,   Dobba  Ferry,    N.  T. 
ATTN:     Dr.  N.  W.    Johnson 

Institute  of  Fluid  Dynamics 
and  Applied  Mathematics 
University  of  Maryland 
College  Park,   Maryland 
ATTN:     Dr.  Elliott  Montroll 

Department  of  Electrical  Engineering 

Washington  University 

Saint  Louis  5,   Mo. 

ATTN:  Professor  J.  Van  Bladel 

Department  of  the  Navy 

Office  of  Naval  Research  Branch  Office 

1030  E.  Green  Street 

Pasadena  1,  California 

Brandeis  University 
Waltham,  Mass. 
ATTN:  Library 

General  Electric  Company 
Mlctowave  Laboratory 
Electronics  Division 
Stanford  Industrial  Park 
Palo  Alto,  California 
ATTN :  Library 


Smyth  Research  Associates 
3555  Aero  Court 
San  Diego  3,  California 
ATTN:  Dr.  John  B.  Smyth 

Electrical  Engineering 
California  Institute  of  Technology 
Pasadena,  California 
ATTN:  DriJaorges  G.  Weill 

Naval  Research  Laboratory 

Washington  25,  D.  C. 

ATTN:  Henry  J.  Passerini,  Code  5278A 

Dr.  George  Kear 
5  Culver  Court 
Orlnda,  California 

Brooklyn  Polytechnic 

85  Livingston  Street 

Brooklyn,  New  York 

ATTN:  Dr.  Nathan  Marcuvitz 

Department  of  Electrical  Engineering 
Brooklyn  Polytechnic 
85  Livingston  Street 
Brooklyn,  New  York 
ATTN:  Dr.  Jerry  Shnoys 

Department  of  Mathematics 
University  of  New  Mexico 
Albuquerque,  New  Mexico 
ATTN:  Dr.  I.  Kolodner 

Mathematics  Department 
Polytechnic  Institute  of  Brooklyn 
Johnson  and  Jay  Street 
Brooklyn,  New  York 
ATTN:  Dr.  Harry  Hochstadt 

Ballistics  Research  Laboratory 
Aberdeen  Proving  Grounds 
Aberdeen,  Maryland 
ATTN:  Dr.  Pullen  Keats 

Dr.  Lester  Kraus 
1:935  Whitehaven  Way 
San  Diego,  California 

University  of  Minnesota 
Institute  of  Technology 
Minneapolis,  Minnesota 
Attn:  Dean  Athelston  Spilhaus 

Ohio  State  University 
Columbus,  Ohio 
Attn:  Prof.  C.  T.  Tai 
Department  of  Electrical  Eng, 

Naval  Research  Laboratories 

Washington  25,  D.  C. 

Attn:  W.  S.  Ament,  Code  5271 

Naval  Research  Laboratory 
Washington  25,  D.  C, 
Attn:  Dr.  Leslie  G.  McCracken,  Jr. 
Code  3933A 

Office  of  Naval  Research 
Department  of  the  Navy 
Attn:  Geophysics  Branch,  Code  1:16 
Washington  25,  D.  C. 

Office  of  Chief  Signal  Officer 
Signal  Plans  and  Operations  Division 
Attn:  SIGOL-2.  Room  20 
Com.  Liaison  Br.,  Radio  Prop.  Sect. 
The  Pentagon,  Washington  25,  D.  C. 

Defence  Research  Member 
Canadian  Joint  Staff 
2001  Connecticut  Street 
Washington,  D.  C. 

Central  Radio  Prop.  Lab. 
National  Bureau  of  Standards 
Attn:  Technical  Reports  Library 
Boulder,  Colorado 

U.  S.  Weather  Bureau 
U.  S.  Department  of  Commerce 
Washinirton  25,  D.  C. 
Attn:  Dr.  Harry  Wexler 
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Federal  Coimnunications  Commission 

Washln.'ton  25,   D.  C, 

Attn:  Mrs.  Barbara  C.  Grimes,  Librarian 

Upper  Atmosphere  Research  Section 
Central  Radio  Propagation  Laboratory 
National  Bureau  of  Standards 
Boulder,  Colorado 

Argonne  National  Laboratory 
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